Abstract. The Kanyosha watershed is unstable due to the presence of several landslides, which occupy about 3% of the study area. They are causing major damage which costs expensive to the Government of Burundi as well as to the population residing there and their properties. Roads, schools, irrigation canals, houses, crop fields, etc., are in danger of collapse. These landslides are mostly naturally occurring but can sometimes be reactivated by heavy rains or human activities during the excavation of building materials from the river bed.In order to carry out this study, we used the multivariate statistical classification with weighting of the responsible parameters of landslides risk to reach the susceptibility map of mass movements in the Kanyosha watershed. Remote sensing, geology, morphometry and bibliography were the data sources for the different parameters. Google Earth images, ortho-photos and field prospecting helped us to identify the landslides needed to validate the susceptibility map.During the fieldwork, we observed 34 landslides of different types, which were superimposed on the mass movements susceptibility map obtained using the Analytic Hierarchy Process (AHP) and compared to previous studies in which the matrix indexing method was used. We found approximately similar results with the consideration of different scales of work. These reasons confirm the validity of the susceptibility map at the level of the Kanyosha watershed, a map which is an essential document for urban planning and land management.
Introduction
Bujumbura city, which is the political and economic capital of Burundi, is affected by many types of natural hazards, including landslides. The latter is responsible for loss of life among the population, the destruction of roads and houses, distrurbance in electrical power supply and loss of agricultural production [7] . . Unfortunately, areas prone to landsliding are currently being built up due to rapid extension of Bujumbura city.Therefore, to provide information needed to limit this hazard one needs to extend investigations to the region covered by watersheds of the five main rivers accross Bujumbura city, which will be referred to as Bujumbura region hereafter.In this respect, our contribution was limited to the watershed of the Kanyosha River.The aim of this study was to derive a map of susceptibility to landsliding in Kanyosha watershed from auxilliary information using the Analytic Hierarch Process (AHP).
Materials and methods
To prepare the datat needed to achieve this study, we used three sources of information, namely: (1) Literature on the lithology and pedology; (2) 10-m Digital Elevation Model (DEM) of Burundi from which we derived slope, exposition and drainage maps; (3) Landsat 7+ imagery to derive a map of rock fractures. After creating the maps of the predisposing factors, they were all standardized by classifying them into five classes based on expert knowledge. Then they were assigned weights obtained by pairwise comparison according to the AHP approach. Finally, the weighted factors were summarized using GIS operations to obtain the landslide susceptibility map which was validated using landslides identified from detailed satellite images and field work. Our results were also compared to results obtained by Van Western and Soeters. 
Predisposing factors

Lithology
Lithology is one of the main factors controlling the development of deep rotational landslides. [2, 3, 10] . Landslides result from the disruption of the equilibrium between forces acting on a slope, which in turn depend on lithology and the structural pattern of rock types. The stability of slopes is affected by weathering processes and by the fluctuation of the water table. In this study the different facies were classified into five categories according to their susceptibility to landslides (Figure4).
Fig. 4. Lithological map
Fracturation
Schistosity, fracturation, stratification or fault planes are weak zones where landslides are often initiated. These features were identified using band 5 of Landsat 7 ETM+. Multi-directional filters were applied to identify linear features that could correspond to fracturation zones. Linear features other than fracturation zones, e.g. roads and river channels were identified and discarded using detailed ortho-photos and Google Earth images.A fiveclass fracture density map was made using GIS operations (Figure5). The susceptibility to landsliding increases as the density of fracturation increases.
Fig. 5. Fracturation density map
Pedology
Soil type is one of the key parameters that influence landsliding. Landslides occur mainly in clayey soils whereas sandy soils resist against landsliding. Deep landslides occur in deep soils and vice-versa.The map on Figure6 was derived from the 1 :50 000 soil map of Burundi (Bujumbura sheet). It is composed of five classes of susceptibility to landsliding, from the least to the most susceptible to landsliding. 
Drainage
Water plays a critical role in landsliding by producing hydrostatic pressure within soil and rock voids, fractures and faults and due to percolation forces. It also causes expansion of some clay minerals. In this study the effect of water on landsliding was assessed based on drainage density (Figure7).Areas with high drainage density are also areas under high risk of landsliding.
Fig.7. Drainage density map
Slope
Slope steepness is certainly the mostly used variable in landslide studies [11] .It is directly linked to the shear strength [10] .Slope steepness was derived from the 10-m DEM using the "3D analysist"of ArcGIS 10.2.2. The resulting slope steepness map (in degrees) was subsequently classified into a five-class slope map which is shown at Figure8.The susceptibility to landsliding increases as the slope steepness increases. 
Aspect
Slope orientation influences the amount of solar radiation and, thus soil humidity Slope orientation also controls the amount of precipitations when these are related to dominant winds with pronounced directional component (9) . The slope orientation map was derived from the 10-m DEM using the function « Aspect » of ArcGIS 10.2.2. Slope orientations are defined taking the north as reference and using 0 -360° as clockwise value range. The slope orientation map was classified into an 8-class map based on the four cardinal points and on the intermediate directions (Figure9) .
Fig 9. Aspect map
Elevation
Elevation is often accounted for in landslides studies as it is linked to precipitations. [5] . Elevation was readily obtained from the 10-m DEM. In our study area, elevation varies from 758 à 2537 m. This elevation map was subsequently classified into a five-class elevation map (Figure10). Low-elevation areas receive small amount of precipitations and, thus have low risk to landsliding.
Fig.10. Elevation map
Approach principles
The AHP is a multi-criteria decision support tool that was developed by [12] and that helps to set priorities in order to make the best decision for complex decision making situations involving alternative decisions, decision criteria and trade-offs. After defining the problem you want to solve, four steps are followed to perform this method. :
CMSS-2017
1-Determine significant layers. 2-Reclassify the layers. 3-Weight the input layers.
4-Sum up the weighted layers
My concern was always about how I can assign a weight to each layer in a kind of a scientific way. However, Analytic Hierarchy Process (AHP) sorted it out. The main concept of AHP is to pair-wise compare all criteria. A value of 1 expresses "equal importance" and a value of 9 is given for those factors having an "extreme importance" over another factor in a comparison matrix.
Results and validation
The result of AHP method of the seven factors considered in this study is shown in Table 1 . The consistency ratio (RC) is 0.0247, i.e. is smaller than the threshold value of 0.1, which means that there are small and tolerable inconsistencies [12] . Using map algebra [1] we obtained a landslide susceptibility map for Kanyosha watershed (Figure 11 ).
The landsliding susceptibility map was validated using field observations (Fig. 4) which are represented by triangles in Fig. 13 and also by comparing our map with the map obtained by [13] and cited by [8] . In total we observed 34 landslides. Their frequences are given in Table 2 and suggest that: 1. Areas with very high susceptibility to landsliding contain 61.8% of observed landslides ; 2. Areas with high susceptibility to landsliding contain 26.5% of observed landslides ; 3. Areas with moderate susceptibility to landsliding contain 11.8% of observed landslides ; 4. No landslide is observed in areas with small to very small susceptibility to landsliding.
Weights in Table. 1 indicate that four out of the seven parameters are more important as they occupy more than 86%. They are ranked as follows : Lithology (35%), Fracturation density (24%), Pedology (11%), Drainage network density (11%).
Our results are approximately similar to those obtained by [13] using the "Matrix index" approach and a case study larger than Kanyosha watershed. Together with results from the 34 observed landslides, this similarity supports the validity of our landsliding susceptibility map. Results from field work indicate that about 3% of Kanyosha watershed correspond to landslides. Areas with very high susceptibility to landsliding correspond to weathered gneissic facies. This is because the weathering product of this facies is composed of clays (silts), which store water in raining season and shrink or collapse in dry season due to the evaporation of the stored water. However, no landslides were observed in fluvio-lacustrine clayey and/or sandy deposits located in the alluvial plain and piedmont. This is explained by small values of slope steepness that characterize these landforms (<17°). 
Conclusions
Kanyosha watershed is an unstable zone due to landslides which occupy about 3% of the area. These landslides are causing important dammages, e.g. roads, schools, irrigation channels, houses, crops, etc.Most of these landslides are of natural origin but can be reactivated human activities, e.g. extraction of building materials in river beds.
In this study we applied the Analytic Hierarch Process (AHP) to derive a landsliding susceptibility map for Kanyosha watershed using remote sensing data, geology, pedology, morphometry and information from literature. The obtained map was validated based on landslides identified from field work, Google Earth images and detailed ortho-photos.
The landsliding susceptibility map is of paramount importance for landuse planning in general and urban planning in particular. Further studies need to be conducted to improve our landsliding susceptibility map, e.g. by applying so-called Weight of evidence method which is more appropriate for any townplanning project.
